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Let p be a prime and q a power of p. GF (q) denotes the field of order q. 
Theorem. Let p(x) be an irreducible polynomial of degree k over GF (q)
.
−1)/(x−1)p(x). Then p(x) is primitive iff g(x)
has exactly (q−1)q
−1 non-zero terms.
Proof. Write:
Since p 0 = 1 we can write this as:
We will view (2) as an (infinite) linear recurring sequence. The initial values 1 , 2 , . . . k can be computed from (1) by taking = 1, 2, . . . , k. We form the homogeneous version of (2) in the usual way. Write out the formula for n+k+1 and subtract the formula for n+k . This yields:
By definition, the characteristic polynomial is:
This is easily checked to be (x − 1)p(x). We consider the linear recurring sequence with characteristic polynomial p(x), namely:
with the initial values η 1 , η 2 , . . . , η k to be determined. Claim 2. There is a non-zero K and choices for
) be the vector space of all sequences satisfying f (x). By [1, 6 .55]
A sequence is in S(x − 1) iff s n+1 = s n for all n, that is, iff it is a constant sequence. Say
We lastly check that K = 0. We have: From (2) we have
Hence m−k+1 = 0. Again, from (2) we have 
Then by Claim 2
. Then the number of non-zero coefficients of g(x) is, by Claim 3, q 
Now suppose p(x) is not primitive (so that
hq k − 1 − k − (hZ (0) − k) = q k − 1 − hZ (0).
Application to BCH codes.
We will only be concerned with primitive, narrow -sense BCH codes over GF (2) . Call a code C trivial if it consists only of the zero vector and the vector of all 1's. We are interested in the non-trivial BCH codes of maximal designed distance. The following is well-known. 
